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(54) Start-up procedure for direct smelting process 

(57) A procedure for starting up a direct smelting 
process for producing iron from a metalliferous feed 
material in a metallurgical vessel is disclosed. The ves- 
sel is of the type which includes a plurality of feed mate- 
rial injection lances/tuyeres (11, 13). The start-up 
procedure includes the steps of: 

(a) preheating the vessel; 

(b) supplying a charge of molten iron to the vessel 
and forming a molten bath in the vessel, 

(c) supplying carbonaceous material and flux to the 



molten bath and injecting oxygen -containing gas 
through one or more than one feed material injec- 
tion lance/tuyere and combusting carbon and bath 
derived gas (if present) and thereby heating the 
molten bath and generating slag; and 

(d) suppling metalliferous feed material to the ves- 
sel while continuing supply of carbonaceous mate- 
rial and flux and injection of oxygen -containing gas 
and smelting metalliferous feed material and pro- 
ducing molten iron and thereby completing the 
start-up procedure. 
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Description 

[0001] The present invention relates to a process 
for producing molten iron from a metalliferous feed 
material, such as ores, partly reduced ores, and metal- 
containing waste streams, in a metallurgical vessel con- 
taining a molten bath. 

[0002] The present invention relates particularly to 
a molten bath-based direct smelting process for produc- 
ing molten iron from a metalliferous feed material. 
[0003] The term "direct smelting process" is under- 
stood to mean a process that produces a molten metal, 
in this case iron, from a metalliferous feed material. 
[0004] The present invention relates more particu- 
larly to a molten bath-based direct smelting process 
which relies on a molten metal layer as a smelting 
medium, and is generally referred to as the Hlsmelt 
process. 

[0005] The Hlsmelt process includes the steps of: 

(a) forming a molten bath having a metal layer and 
a slag layer on the metal layer in a metallurgical 
vessel; 

(b) injecting metalliferous feed material and. solid 
carbonaceous material into the metal layer via a 
plurality of lances/tuyeres; 

(c) smelting metalliferous material to metal in the 
metal layer; 

(d) causing molten material to be projected as 
splashes, droplets, and streams into a space above 
a nominal quiescent surface of the molten bath to 
form a transition zone; and 

(e) injecting an oxygen-containing gas into the ves- 
sel via one or more than one lance/tuyere to post- 
combust reaction gases released from the molten 
bath, whereby the ascending and thereafter 
descending splashes, droplets and streams of mol- 
ten material in the transition zone facilitate heat 
transfer to the molten bath, and whereby the transi- 
tion zone minimises heat loss from the vessel via 
the side walls in contact with the transition zone. 

[0006] A preferred form of the Hlsmelt process is 
characterized by forming the transition zone by injecting 
carrier gas, metalliferous feed material, solid carbona- 
ceous material and optionally fluxes into the bath 
through lances that extend downwardly and inwardly 
through side walls of the vessel so that the carrier gas 
and the solid material penetrate the metal layer and 
cause molten material to be projected from the bath. 
[0007] This form of the Hlsmelt process is an 
improvement over earlier forms of the process which 
form the transition zone by bottom injection of carrier 
gas and solid carbonaceous material through tuyeres 
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into the bath which causes droplets and splashes and 
streams of molten material to be projected from the 
bath. 

[0008] The applicant has carried out extensive pilot 
5 plant work on the Hlsmelt process and has made a 
series of significant findings in relation to the process. 
[0009] One of the findings, which is the subject of 
the present invention, is a procedure for starting up the 
Hlsmelt process in an effective and efficient manner. 
10 [0010] In general terms, the present invention is a 
procedure for starting up a direct smelting process for 
producing iron from a metalliferous feed material in a 
metallurgical vessel, which vessel includes a plurality of 
feed material injection lances/tuyeres, which start-up 
15 procedure includes the steps of: 

(a) preheating the vessel; 

(b) supplying a charge of molten iron to the vessel 
20 and forming a molten bath in the vessel, 

(c) supplying carbonaceous material and flux to the 
molten bath and injecting oxygen -containing gas 
through one or more than one feed material injec- 

25 tion lance/tuyere and combusting carbon and bath 
derived gas (if present) and thereby heating the 
molten bath and generating slag; and 

(d) suppling metalliferous feed material to the ves- 
30 sel while continuing supply of carbonaceous mate- 
rial and flux and injection of oxygen-containing gas 
and smelting metalliferous feed material and pro- 
ducing molten iron and thereby completing the 
start-up procedure. 

35 

[0011] Preferably step (a) of preheating the vessel 
includes combusting fuel gas and air in the vessel. The 
term "fuel gas" is understood herein to include, by way 
of example only, coke ovens gas, blast furnace gas, and 
40 natural gas. 

[0012] Preferably supply of carbonaceous material 
and/or flux in step (c) is via one or more than one feed 
material injection lance/tuyere. 

[001 3] Preferably supply of metalliferous feed mate- 
45 rial in step (d) is via one or more than one feed material 
injection lance/tuyere. 

[001 4] Preferably solids, is any one or more of met- 
alliferous feed material, carbonaceous material and 
flux, that are supplied via one or more than one feed 

so material injection lance/tuyere are injected through the 
lance (s)Ztuyere(s) with carrier gas. 
[0015] The solids injection lance(s)/tuyere(s) may 
be movable during the course of the start-up procedure 
between lowered operative positions and raised 

55 retracted positions. 

[0016] Alternatively, the solids injection 
lance(s)/tuyere(s) may be fixed during the start-up pro- 
cedure and, by way of example, may extend through 
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side walls of the vessel. 

[0017] In a situation where the solids injection 
lance(s)/tuyere(s) are fixed, preferably step (b) includes 
injecting carrier gas without solids through the solids 
injection lance (s)Ztuyere(s) at a flow rate that prevents 
molten metal penetrating the lance (s)Auyere(s). 
[0018] Preferably the start-up procedure includes 
an intermediate step between steps (b) and (c) of inject- 
ing oxygen-containing gas through one or more than 
one feed material injection lance/tuyere before com- 
mencing feed of carbonaceous material and flux in step 
(c) in order to combust oxidisable material in the molten 
bath and thereby increase the temperature of the bath. 
[0019] Preferably step (d) of supplying metalliferous 
feed material commences when prescribed process 
conditions reach a predetermined threshold. Prescribed 
process conditions include, by way of example, any one 
or more of: 

(i) molten bath temperature (preferably at least 
1400°C);and 

(ii) carbon concentration in the molten bath (prefer- 
ably at least 4 wt%); and 

(iii) post combustion levels (preferably below a level 
that indicates carbon saturation of the molten bath). 

[0020] Preferably the vessel includes a forehearth 
and step (b) of supplying the charge of molten iron to 
the vessel includes supplying the charge via the fore- 
hearth. 

[0021] Preferably pre-heating step (a) includes 
positioning a lid on the forehearth to minimise heat loss 
via the forehearth. 

[0022] Preferably the start-up procedure includes 
cleaning the vessel prior to pre-heating step (a) to 
remove slag from the vessel. 

[0023] Preferably the vessel includes water cooled 
panels that form at least part of side walls of the vessel 
and the start-up procedure includes spraying a castable 
refractory material onto the panels prior to pre-heating 
step (a) to reduce initial heat loss from the panels during 
the start-up procedure. 

[0024] Preferably the castable refractory material in 
a high alumina spinel. 

[0025] Preferably the start-up procedure includes 
connecting extensions to the ends of the solids injection 
lancesfiuyeres prior to pre-heating step (a) to increase 
the effectiveness of solids injection during the start-up 
procedure when the level of the molten bath is relatively 
low. The extensions are made preferably from material 
which melts in the molten bath as the level of the molten 
bath increases and progressively submerges the exten- 
sions. 

[0026] Preferably the molten iron supplied in step 

(b) includes at least 3 wt% carbon. 

[0027] Preferably the molten iron supplied in step 
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(b) includes silicon and/or aluminium and/or any other 
suitable like oxidisable material. 

[0028] Preferably step (c) and the intermediate step 
between steps (b) and (c) includes injecting carrier gas 
5 at a pressure of at least 1 00 kPa over that in the vessel 
- as measured across the solids injection lances/tuy- 
eres. 

[0029] Preferably the start-up procedure includes 
increasing the flow rate of oxygen -containing gas during 
10 each of steps (c) and (d). 

[0030] Preferably, step (c) includes injecting oxy- 
gen-containing gas through one or more than one feed 
material injection lance/tuyere at a flow rate of at least 
12,000 Nm 3 /hr. 

15 [0031] Preferably step (d) includes injecting oxy- 
gen-containing gas at a flow rate of at least 20,000 
Nm 3 /hr. 

[0032] Preferably the start-up procedure includes 
determining the time period for step (c) by monitoring 

20 the oxygen and/or carbon monoxide and/or carbon diox- 
ide concentrations in off-gas from the vessel. 
[0033] Preferably the start-up procedure includes 
determining the time period for the intermediate step 
between steps (b) and (c) by monitoring the oxygen 

25 and/or.carbon monoxide and/or carbon dioxide concen- 
trations in off-gag from the vessel. 
[0034] Preferably the start-up procedure includes 
increasing the pressure in the vessel during step (c). 
[0035] Slag material, including possibly slag mate- 
so rial from a previous operation of the vessel, may be sup- 
plied to the vessel during step (c) to help minimise 
excessive oxidation of iron in the molten bath during 
step (c) by building up a slag layer on the bath. 
[0036] Preferably slag material is supplied via one 

35 or more than one feed material injection lance/tuyere. 
[0037] The metalliferous feed material may be any 
suitable iron-containing feed material. The preferred 
feed material is iron ore. 
[0038] The iron ore may be pre-heated. 

40 [0039] The iron ore may be partially reduced. 

[0040] I n some situations, such as where the vessel 
is subject to high heat losses, the metalliferous feed 
material may be a blend of iron ore and a highly reduced 
metalliferous feed material. In that event, preferably the 

45 start-up procedure includes the steps of reducing the 
amount of the highly reduced metalliferous feed mate- 
rial supplied to the molten bath, replacing this metallifer- 
ous feed material with iron ore, and continuing oxygen- 
containing gas injection and reaching steady-state proc- 

so ess conditions. 

[0041] The term "steady-state process conditions" 
is understood to mean that the process operates with a 
target feed metalliferous material and within target heat 
and mass balances. 

55 [0042] The above definition is understood in the 
context that the Hlsmelt process relies on significant 
agitation of molten material in the vessel and, as a con- 
sequence, the process can be subject to considerable 
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short term fluctuations. 
[0043] Preferably the highly reduced metalliferous 
feed material injected in step (d) is at least 60% metal- 
lised. 

[0044] More preferably the highly reduced metallif- 
erous feed material is direct reduced iron ("DRI"). 
[0045] Preferably the oxygen-containing gas is air 
with up to 50 vol% oxygen. 

[0046] According to the present invention there is 
also provided a direct smelting process which includes 
the above-described start-up procedure. 
[0047] The present invention is described further by 
way of example with reference to the accompanying 
drawing which is a vertical section through a preferred 
form of a direct smelting vessel for carrying out the His- 
melt process for direct smelting iron ore to produce mol- 
ten iron. 

[0048] The vessel shown in the figure has a hearth 
that includes a base 3 and sides 55 formed from refrac- 
tory bricks; side walls 5 which form a generally cylindri- 
cal barrel extending upwardly from the sides 55 of the 
hearth and which include an upper barrel section 51 
and a lower barrel section 53; a roof 7; an outlet 9 for off- 
gases; a forehearth 77. for discharging molten metal 
continuously; a forehearth connection 71 that intercon- 
nects the hearth and the forehearth 77; and a tap-hole 
61 for discharging molten slag. 

[0049] In use, under steady -state process condi- 
tions, the vessel contains a molten bath of iron and slag 
which includes a layer 15 of molten metal and a layer 1 6 
of molten slag on the metal layer 1 5. The arrow marked 
by the numeral 17 indicates the position of the nominal 
quiescent surface of the metal layer 15 and the arrow 
marked by the numeral 1 9 indicates the position of nom- 
inal quiescent surface of the slag layer 16. The term 
"quiescent surface" is understood to mean the surface 
when there is no injection of gas and solids into the ves- 
sel. 

[0050] The vessel also includes two feed material 
injection lances/tuyeres in the form of solids injection 
lancesAuyeres 1 1 extending downwardly and inwardly 
at an angle of 30-60° to the vertical through the side 
walls 5 and into the slag layer 1 6. The position of the 
jances/tuyeres 1 1 is selected so that the lower ends are 
above the quiescent surface 17 of the metal layer 15 
under steady-state process conditions. 
[0051] In use, under steady-state process condi- 
tions iron ore, solid carbonaceous material (typically 
coal), and fluxes (typically lime and magnesia) 
entrained in a carrier gas (typically N 2 ) are injected into 
the metal layer 15 via the lances /tuyeres 11. The 
momentum of the solid material/carrier gas causes the 
solid material and gas to penetrate the metal layer 15. 
The coal is devolatilised and thereby produces gas in 
the metal layer 15. Carbon partially dissolves into the 
metal and partially remains as solid carbon. The iron 
ore is smelted to metal and the smelting reaction gener- 
ates carbon monoxide gas. The gases transported into 
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the metal layer 15 and generated via devolatilisation 
and smelting produce significant buoyancy uplift of mol- 
ten metal, solid carbon, and slag (drawn into the metal 
layer 15 as a consequence of solid/gas/injection) from 
5 the metal layer 15 which generates an upward move- 
ment of splashes, droplets and streams of molten metal 
and slag, and these splashes, and droplets, and 
streams entrain slag as they move through the slag 
layer 1 6. 

w [0052] The buoyancy uplift of molten metal, solid 
carbon and slag causes substantial agitation in the 
metal layer 15 and the slag layer 16, with the result that 
the slag layer 1 6 expands in volume and has a surface 
indicated by the arrow 30. The extent of agitation is such 

is that there is reasonably uniform temperature in the 
metal and the slag regions - typically, 1450 - 1550°C 
with a temperature variation of the order of 30°. 
[0053] In addition, the upward movement of 
splashes, droplets and streams of molten metal and 

20 slag caused by the buoyancy uplift of molten metal, 
solid carbon, and slag extends into the top space 31 
above the molten material in the vessel and; 

(a) forms a transition zone 23; and 

25 

(b) projects some molten material (predominantly 
slag) beyond the transition zone and onto the part 
of the upper barrel section 51 of the side walls 5 
that is above the transition zone 23 and onto the 

30 roof 7. 

[0054] in general terms, the slag layer 16 is a liquid 
continuous volume, with gas bubbles therein, and the 
transition zone 23 is a gas continuous volume with 
35 splashes, droplets, and streams of molten metal and 
slag. 

[0055] The vessel further includes a further feed 
material injection/lance tuyere in the form of a lance 13 
for injecting an oxygen-containing gas (typically pre- 

40 heated oxygen enriched air) which is centrally located 
and extends vertically downwardly into the vessel. The 
position of the lance 13 and the gas flow rate through 
the lance 13 are selected so that under steady-state 
process conditions the oxygen -containing gas pene- 

45 trates the central region of the transition zone 23 and 
maintains an essentially metal/slag free space 25 
around the end of the lance 13. 

[0056] In use, under steady-state process condi- 
tions, the injection of the oxygen-containing gas via the 

so lance 13 post-combusts reaction gases CO and H 2 in 
the transition zone 23 and in the free space 25 around 
the end of the lance 13 and generates high tempera- 
tures of the order of 2000°C or higher in the gas space. 
The heat is transferred to the ascending and descend- 

55 ing splashes droplets, and streams, of molten material 
in the region of gas injection and the heat is then par- 
tially transferred to the metal layer 1 5 when the molten 
material returns to the molten bath. 



EP 1 067 201 A2 



25 



30 



4 



7 

[0057] The free space 25 is important to achieving 
high levels of post combustion because it enables 
entrainment of gases in the space above the transition 
zone 23 into the end region of the lance 13 and thereby 
increases exposure of available reaction gases to post 5 
combustion. 

[0058] The combined effect of the position of the 
lance 13, gas flow rate through the lance 13, and 
upward movement of splashes, droplets and streams of 
molten metal and slag is to shape the transition zone 23 10 
around the lower region of the lance 13 - generally iden- 
tified by the numerals 27. This shaped region provides a 
partial barrier to heat transfer by radiation to the side 
walls 5. 

[0059] Moreover, under steady-state process con- 75 
ditions, the ascending and descending droplets, 
splashes and streams of metal and slag is an effective 
means of transferring heat from the transition zone 23 to 
the molten bath with the result that the temperature of 
the transition zone 23 in the region of the side walls 5 is 20 
of the order of 1450°C-1550°C. 

[0060] The vessel is constructed with reference to 
the levels of the metal layer 15, the slag layer 16, and 
the transition zone 23 in the vessel when the process is 
operating under steady-state process conditions and 25 
with reference to splashes, droplets and streams of mol- 
ten metal and slag that are projected into the top space 
31 above the transition zone 23 when the process is 
operating under steady-state operating conditions, so 
that: 30 



(b) at least part of the lower barrel section 53 of the 
side walls 5 is backed by water cooled panels 8; 
and . 

AO 

(c) the upper barrel section 51 of the side walls 5 
and the roof 7 that contact the transition zone 23 
and the top space 31 are formed from water cooled 
panels 57, 59. 

45 

[0061] Each water cooled panel 8, 57, 59 in the 
upper barrel section 51 of the side walls 5 has parallel 
upper and lower edges and parallel side edges and is 
curved so as to define a section of the cylindrical barrel. 
Each panel includes an inner water cooling pipe and an so 
outer water cooling pipe. The pipes are formed into a 
serpentine configuration with horizontal sections inter- 
connected by curved sections. Each pipe further 
includes a water inlet and a water outlet. The pipes are 
displaced vertically so that the horizontal sections of the 55 
outer pipe are not immediately behind the horizontal 
sections of the inner pipe when viewed from an exposed 
face of the panel, ie the face that is exposed to the inte- 



8 

rior of the vessel. Each panel further includes a rammed 
refractory material which fills the spaces between the 
adjacent straight sections of each pipe and between the 
pipes. Each panel further includes a support plate 
which forms an outer surface of the panel. 
[0062] The water inlets and the water outlets of the 
pipes are connected to a water supply circuit (not 
shown) which circulates water at high flow rate through 
the pipes. 

[0063] The pilot plant work referred to above was 
carried out as a series of extended campaigns by the 
applicant at its pilot plant at Kwinana, Western Aus- 
tralia. 

[0064] The pilot plant work was carried out with the 
vessel shown in the figure and described above and, in 
accordance with the steady-state process conditions 
described above. 

[0065] The pilot plant work evaluated the vessel 
arid investigated the process under a wide range of dif- 
ferent: 

(a) feed materials; 

(b) solids and gas injection rates; 

(c) slag inventories - measured in terms of the 
depth of the slag layer and the slag:metal ratios; 

(d) operating temperatures; and 

(e) apparatus set-ups. 

[0066] The pilot plant work established a preferred 
start-up procedure that worked effectively and effi- 
ciently. The preferred start-up procedure is summarised 
below. 

(1) Clean the vessel to remove slag from the 
hearth, side walls 5, and roof 7 that was deposited 
in a previous campaign. The removal of slag is 
important because of potential safety issues that 
could arise during start-up if molten slag is pro- 
jected into and from the forehearth 77. After clean- 
ing the vessel, spray a high alumina spinel onto the 
water cooled panels to reduce heat loss via the 
panels during the start-up procedure. Prior to or 
after the preceding step, bolt or otherwise attach 
extensions (not shown) onto the solids injection 
lances/tuyeres 1 1 to increase the effective length of 
the lances/tuyeres during the start-up procedure 
while the level of molten material in the vessel is rel- 
atively low. The extensions are formed from stain- 
less steel or any other suitable material which will 
melt in the molten bath as the bath level increases 
and submerges the extensions. 

(2) Preheat the vessel. 

One preferred preheating option is to combust 
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(a) the hearth and the lower barrel section 53 of the 
side walls 5 that contact the metal/slag layers 15/1 6 
are formed from bricks of refractory material (indi- 
cated by the cross-hatching in the figure); 35 
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fuel gas and air in the vessel. In practice, it is pref- 
erable to limit the preheating temperature to 
1400°C because flame temperatures to generate 
this preheating temperature are considerably 
higher and could cause damage to refractories in 5 
the vessel. In order to improve heat transfer effi- 
ciency a lid 73 and a downwardly-extending cover 
plate 75 are positioned on the fore hearth 77. 

Another preferred heating option, in situations 
when hot stoves are available, is to preheat by io 
blowing air through lance 13 and progressively 
increasing the amount of air that has been pre- 
heated using the stoves until all the air comes via 
the stoves and then supplementing the preheat 
over the last 400°C with the use of a fuel burner an is 
previously described. 

(3) Prepare 40-45 tonne charge of molten iron 
which includes 4 wt% carbon, 0.75 wt% silicon and 
0.5. wt% aluminium and is at an average tempera- 20 
ture of 1360°C. 

(4) Stop the preheating step and deliver the charge, 
of molten iron to the vessel via the forehearth 77 
and insect nitrogen (or other suitable carrier gas) 25 
through the lances/tuyeres 11 into the vessel at a 
pressure of at least 100 kPa over the pressure in 

the vessel and thereby prevent penetration of mol- 
ten material into the lances/tuyeres 11; 

30 

(5) After delivering the molten iron charge, continue 
nitrogen injection as outlined in step (4) and inject 
oxygen-containing gas through the lance 13 at an 
initial flow rate of 12,000 Nm 3 /hr - increasing to 
20,000 Nm 3 /hr (the minimum flow rate required for 35 
solids injection) - to combust silicon and aluminium 
and decarburise the molten iron charge and gener- 
ate carbon monoxide/carbon dioxide and thereby 
heat the molten iron bath. Simultaneously, increase 

the pressure in the vessel to that of the minimum 40 
pressure required to inject solids (typically 20 kPa) 
Typically the time required for this step is 5-10 min- 
utes. 

(6) After oxygen-containing gas injection has stabi- 45 
lised at 20,000 Nm 3 /hr, commence coal and flux 
(typically lime) injection via the lances/tuyeres 1 1 at 

an initial coal flow rate of 3 tonne/hr and commence 
monitoring oxygen and/or CO and/or and C0 2 con- 
tent in off-gas to determine whether the bath is so 
reacting. A decrease in oxygen content and an 
increase in CO and C0 2 content indicates that the 
bath is reacting. When this trend is established the 
coal and oxygen -containing gas flow rates can be 
increased from the initial flow rates. The objectives 55 
of this step are (a) to increase, the temperature and 
carbon content of the molten iron as quickly as pos- 
sible to a minimum molten iron temperature of 
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1450°C and minimum carbon content of 4.5wt%, 
(b) to form slag having a required basicity, and (c) 
begin to establish transition zone 23. During this 
step there are very high heat loads on the water 
cooled panels. The oxygen-containing gas flow rate 
is increased to 28,000 Nm 3 /hr. This has the effect of 
increasing the pressure in the vessel to 70-75 kPa. 
Typically, this step runs for 30 minutes. 

(7) After the molten iron temperature reaches the 
minimum temperature of 1450°C and minimum car- 
bon content of 4.5wt%, commence injection of a 
blend of iron ore fines and DRI through the 
lances/tuyeres 11 at an initial flow rate of 6 
tonnes/hr while continuing injection of coal and flux 
and smelt the blend and produce molten iron flow 
from the forehearth and generate post-combustion 
and heat transfer to the bath via the transition zone 
23. After the post combustion levels start to 
increase the heat loads on panels start to decrease 
and the blend flow rate can be increased. 

(8) With time, progressively the DRI can be 
replaced with partially reduced iron ore or iron ore 
until such time as target feed material is the only 
metalliferous feed material and the process is in 
steady-state mode. 

(9) After 2-3 hours of operation, tap the vessel and 
obtain a sample of slag and determine process 
conditions. 

[0067] The initial injection of the blend of iron ore 
fines and DRI in step (7) above is a function of vessel 
size and heat losses. In the case of the pilot plant, there 
were very large beat losses in the start-up phase and 
the addition of DRI was necessary to establish metal 
production. In larger commercial size vessels it is 
thought that heat losses may not be as serious an issue 
and DRI addition may not be necessary. 
[0068] Many modifications may be made to the pre- 
ferred embodiments of the process of the present inven- 
tion as described above without departing from the spirit 
and scope of the present invention. 

Claims 

1. A procedure for starting up a direct smelting proc- 
ess for producing iron from a metalliferous feed 
material in a metallurgical vessel, which vessel 
includes a plurality of feed material injection 
lances/tuyeres, which start-up procedure includes 
the steps of: 

(a) preheating the vessel; 

(b) supplying a charge of molten iron to the 
vessel and forming a molten bath in the vessel, 
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(c) supplying carbonaceous material and flux 
to the molten bath and injecting oxygen-con- 
taining gas through one or more than one feed 
material injection lance/tuyere and combusting 
carbon and bath derived gas (if present) and 5 
thereby heating the molten bath and generat- 
ing slag; and 

(d) suppling metalliferous feed material to the 
vessel while continuing supply of carbona- io 

. ceous material and flux and injection of oxy- 
gen-containing gas and smelting metalliferous 
feed material and producing molten iron and 
thereby completing the start-up procedure. 

15 

2. The start up procedure defined in claim 1 wherein 
step (a) of preheating the vessel includes combust- 
ing fuel gas and air in the vessel. 

3. The start up procedure defined in claim 1 or claim 2 20 
wherein step (c) includes supplying carbonaceous 
material and/or flux by injecting the feed material 
through one or more than one feed material injec- 
tion lance/tuyere. 

25 

4. The start up procedure defined in any one of the 
preceding claims wherein step (d) includes supply- 
ing metalliferous feed material by injecting the feed 
material through one or more than one feed mate- 
rial injection lance/tuyere. 30 

5. The start up procedure defined in claim 3 or claim 4 
includes injecting one or more of carbonaceous 
material, flux, and metalliferous feed material with 
carrier gas through one or more than one feed 35 
material injection lance/tuyere. 

6. The start up procedure defined in any one of the 
preceding claims includes an intermediate step 
between steps (b) and (c) of injecting oxygen -con- ao 
taining gas through one or more than one feed 
material injection lance/tuyere before commencing 
supply of carbonaceous material and flux in step (c) 

in order to combust oxidisable material in the mol- 
ten bath to increase the temperature of the bath. 45 

7. The start up procedure defined in any one of the 
preceding claims includes commencing step (d) 
when prescribed process conditions reach a prede- 
termined threshold so 

8. The start up procedure defined in claim 7 wherein 
the prescribed conditions include any one or more 
of molten bath temperature, carbon concentration 

in the molten bath, and post combustion levels. 55 

9. The start up procedure defined in any one of the 
preceding claims wherein the vessel includes a 




201 A2 12 

forehearth and step (b) of supplying the charge of 
molten iron to the vessel includes supplying the 
charge via the forehearth. 

10. The start up procedure defined in claim 9 wherein 
pre-heating step (a) includes positioning a lid on the 
forehearth to minimise heat loss via the forehearth. 

11. The start up procedure defined in any one of the 
preceding claims includes cleaning the vessel prior 
to pre-heating step (a) to remove slag from the ves- 
sel. 

12. The start up procedure defined in any one of the 
preceding claims wherein the vessel includes water 
cooled panels that form at least part of side walls of 
the vessel and the start-up procedure includes 
spraying a castable refractory material onto the . 
panels prior to pre-heating step (a) to reduce initial 
heat loss from the panels during the start-up proce- 
dure. 

13. The start up procedure defined in any one of the 
preceding claims wherein the molten iron supplied 
in. step (b) includes at least 3 wt% carbon. 

14. The start up procedure defined in any one of the 
preceding claims wherein the molten iron supplied 
in step (b) includes silicon and/or aluminium and/or 
any other suitable like oxidisable material. 

15. The start up procedure defined in any one of the 
preceding claims wherein step (c) includes injecting 
carrier gas at a pressure of at least 100 kPa over 
that in the vessel. 

16. The start up procedure defined in any one of the 
preceding claims includes increasing the flow rate 
of oxygen-containing gas during each of steps (c) 
and(d). 

17. The start up procedure defined in claim 16 includes 
injecting oxygen -containing gas at a flow rate of at 
least 12,000 Nm 3 /hr in step (c). 

18. The start up procedure defined in claim 16 or claim 
1 7 includes injecting oxygen-containing gas at a 
flow rate of at least 20,000 Nm 3 /hr in step (d). 

19. The start up procedure defined in any one of the 
preceding claims includes determining the time 
period for step (c) by monitoring the oxygen and/or 
carbon monoxide and/or carbon dioxide concentra- 
tions in off-gas from the vessel. 

20. The start up procedure defined in any one of the 
preceding claims includes increasing the pressure 
in the vessel during step (c). 
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21. The start up procedure defined in any one of the 
preceding claims wherein the metalliferous feed 
material is a blend of iron ore and a highly reduced 
metalliferous feed material and the start up proce- 
dure includes, reducing the amount of the highly 
reduced metalliferous feed material supplied to the 
molten bath over a period of time, replacing the 
highly reduced metalliferous feed material with iron 
ore, and continuing oxygen-containing gas injection 
and reaching steady-state process conditions. 

22. The start up procedure defined in claim 21 wherein 
the highly reduced metalliferous feed material 
injected in step (e) is at least 60% metallised. 

23. The start up procedure defined in claim 22 wherein 
the highly reduced metalliferous feed material is 
direct reduced into ("DRI"). 

20 
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